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(57) Abstract: 

PURPOSE: A method for forming an oxide layer by 
an atomic layer deposition(ALD) method is provided 
to increase a deposition rate and improve a 

deposition characteristic of a metal oxide layer by - ^^^^^^^^ 



CONSTITUTION: The surface of a substrateO) is 
exposed to a precursor including an amino group to 
form a chemically absorbed precursor layer on the 
surface of the substrate. The chemically absorbed 
precursor layer is oxidized by using an oxidizing 
agent to form an oxide layer on the substrate. 
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performing an ALD method using an oxidizing agent 
and a precursor including Hf and an amino group. 
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(54) gjxfe §^s§ oisg &sm9\ g^aa a oisoigg e>g*n gag ^hmaiei i^aa 

S!a>S g^Sf oiS» tfSW2| Sg^S % OIS 0I8& B£H SM2|" MAI El Sg»gO||A|, Omik^lB S»»fe S^SIS 3 1 
» a Oil EBStOI 6PI S^PfllSI i¥l »3I 3IB &OII »W£S MAI21CK 01*011. 9«f^2S »a*SXI S^MPh a^SO, OlOiAi. 
<L^XJIM £PI 1\& &0i! E8J»OI 6PI ^2J2§ S*t& S^xHSf £P| SW^SSS «j§a|31 a^j a^} Aj^cng ^aj 

§m. e*reoi wen m^oi »&te 6t»sioi ^oi^iD. se*>, s&e 5H tHaixie ^xioi eh© ^seoi £j±ei as sjsfsi 

□ HE 
E2d 

I 

£ 18 OSB M^M2J Oil U XI «HE2» S ^Sii UEffcHCK 

E 2a UXI £ 2efe & ^S2| ^A| Oil Oil Hfg £!Xf# 0I8& S^^Si ttaSPI BSSESOIQ. 

£388 &92I AIOIIOII Hf0 2 n*a gS[V HH M§3b 6iSfXI|2J BWOO CHofOi 2IB UISI ±33 mx\Oi\M 9 ^breakdown volt 
age)S *S3h0i 2CH£! ^3 Accumulative failures)* UEffcHCh 

St- 4a £ 4b*r 8 UaSI ^Al Oil Oil WE} Hf0 2 g«S (HI A|f£lb tt»H2l e^Oil CTJg SgfOil CUShOI ^S8K)i £01E! ¥g 
£ 5fe B ^AIOII ^2H2i ^SOil ttf^ S!XhS 5 § Oil AH 8E01I CH^ HfQ 2 SJ2| i^il UEH*». 



£ 68 S ttaSJ ^A| Oil Oil CTiBf SB &! ±§2J CH^^blM £011 £!X}# §S[ g§§ £!£idh*r §011 8E0II CHS HfO 2 0f2| §S[ 
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£ 7g s irsa Aim on uaoaei a?a Atastoi Hto 2 ma vbb 2^ oie as b4(sims)b mmM m 

q\sy >joiD. 

£ 8a LHXI 8e^ ^ 893 UUfSie ^Al Oil Oil ©51 'BSES SSOIIA1 3UHIAIEI SggtBB 888*31 «» SBSSOICK 

^;9fe s waa ^'ai on oil me} & x\m § skald) »eoy gsi« t*g9 »asta 3H iih ai a c«i a^oii ae ana ub«ck-.- 

E 108 S 889 8 AIM Oil 0}» S&KALD) ^31 0188101 330*8 3fe 9H AH A| a Oil ftaa*2l e:>r ^»Qf ^Wequivale 
•ft-oxide'thitkness. EOTJOO CHS ¥<( H»» UaaQ. 

* saa ^fi^goii aef¥aa * 

1 : ^ieoooo2 : gSJSf 
4 : »fif8^a^ooo6:-^»» 
8 : 3^ ttmm SXWooSa : £hs*sj 
100 : fflEfl ^ieoooi02 : I!E S3 
104 : ^IIOjM SQ^ooi06 : £SS Matf Siaaj" 
108 : £IAtOIE^ooiio : ^Ol'S a^ 

112 : 2SS aas*oo«>114 : ^ ^KIIOlAi 
fe^a : 9^ooii6b : E5H2J 

t.18 : «I1 aaef«ooi20 : SS|» 
122: S@! Saillooo|24 : HI 2 BBS* 
126: 3B^¥ooooi27 : XII2 
128 : 3HDHAIH2I »¥H^oi30 : ^'asf 
132 : JHUHAIEia S¥B? 
^ All of- 

8801 31^ D crOtSi ^2H^I^. 

e was ^wwa m& &s a 8?i tta&rs ^axiis ois& saa ^BHAiaa s8 8boii mm 52g, aa a/ient a»s 

S^B (atomic layer deposition, ALD)M OISB tf»9*a K 018 OISS 3flS| 3HHHAIEI Bg&BOII-ae 51 01 CI. 

13 §1^9 esa sxioiiai srs ^£a h^ihh ji^hon aj^, chi s ai aoi x^i 8Ft b^oi s» ^eih 21a. oireei «oi » 

XI8hfe £*<0» ^±g<HI Ofdf ttSEJH SXIB ^gShfe: 2| 8011 S»Ste ^XI^Ei SJ/SE*r 3H EH Al Ei M S^S^I «B 4*S B^ SE-ff ^^£J 

W^i ^gHxi^Eia 3iioi^ g^a aoi-pi- a^aoii a>si, 8?i 21101^ Bes^a ^jhise a^ajacK«i« moi s?2oa oiou 21am, £Pi >iioi 
e i^moj <= m juoie a#?a e^K :hioi^ m^m ee^ s^. a^a xm ea sxiism o^i&q. oh 

soil. «?i 3iioi^ lem aa^oi woiua. ^a^oi aa»an 6fe a^^^ asan 

&2i 3HnH Aia^h s^a asH, ^^1 9hiihai©^£ &jhi &±£\h sia. ^^1 «y 3Him ai s^^i- oiisai ^a 

QIOlEi =8 ^^(readability) 01 gsfSIH Oil 2H (soft error) ^^S0| 8^9 Ot. SEfl MSa SM^ Xia^OIIAI Pi^£! §^6^ 52 

01 CH^^il BO, CLFeiAi, ^01 XrXI 8^ a^OII ggf DIXIXI a^^Ai 8 3HHHAl©^M S^AI^I^I «B OIBi D[X\ ^I^MOI ^H^EIH 2^ 

a. 

tt'aa a moiiAi 3HnHAi&^g s^aopi 9i»oi ?hiihai Ba ^a^a ^aim a^cffc as s^/se^ ^^chu sin} as 3^21 
3H eh ai ei §f¥ m^m i^sfoi 9H mi ai q a a^e e^fAi^i^ eoi ^lasisia. nanu. 1 ^i^uim oi^a g^e g^ioii m 

2§l S^jES ^Xlfe aOILH^ SiS ^Ail^ Oi|2£l(DRAM)M flSBO) &0|/d^ ^51 »HB£ M-fiBI SXIM STSAI3PI0II SSS!: fe^ GH 
Aie^g ^^Ur OigQ. Ol^sh SJ1I8 SH^S^I $\o[0\ &g ^SiMI M^M AKgmOj 3HIHA|Qa ^a^S S^Shfe &SOI 

^^a^snsio. 

881. tt^l MgHZI^Eia Jims. BBBra ^^m^ ^/S^ Ta 2 0 5 . Y 2 0 3> Hf0 2 . Zr0 2 , Nb 2 0 5 . BaTi0 3 

7« srTio 3 a as §§g 9H nH ai Ei ^a^s tigafe ^seoi ^H^sjoi ao. £ ig ^oi eaea oiiuxi «hes s gs§i u&ui^ n 

an hoick- *> 
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" 2^ ^X^Oil g£IB nHfM 0^1 « 4> 21 Ck SEB. &§SKCVD)01l 2JB «atg H^^s\^Q\\M fi^EJfe: §£011 til 6H g 

3«e ^nm 9iwsixie 

e*a«l. BX>S B*KALD).»BS »«J3ltfB*KCVD) biS £E01IAi 4^8*01 ^3 B0I2 g&S 2SJ£ ^WdlXIM 

£15011*= ^SMOI Sf 25 M. ^ 2}§S§ 3£fe BI*§ <L^MTa 2 0 5 )0| &D\ 3WWME\ &&^°^M HB| MgEIZQ 21 Ch 

""iHi'i! 1 ;"- ' " ■ t i"* 11 

□ am. Taa 

0 5 fe Oil U XI «HE^O| ^2°£, Ta 2 0 5 g 3HHH A| EHSJ SS^SS -AJS81218 2? SW^f 0H¥ fi B30I 910. E 1M 8S8tB ^21 
01 20.01^0112 Oil Li XI «HHiSOI tiling tfS mHs(Hf0 2 )^ .«aet8 8da 4* 

#31 Hf0 2 e*8 i^ofe OIPI- D|»g^ ^16.348,386 B1s (issued to Gilmer) S 6.420,279 B1s(issued to Ono et al.NHI. D\i A|£| 

01 2lO. £PI Ol^e^ ^Si £116.348,386 BIsLOUHb »Hte2» 22E1 S»3fe WMS^PaS* S»»fe H2a?»B 3IB &0||/d B 

mrniw mo\ -esa pib goi aa^ta sssfb »aoi phaiejoh 2Ack &oi oias^ xji6.420.279 eisoiiAife sixts ois8t 

01 <^£f6fHsIlf ^»X|a2fe2| U^E|DIUIOIM(nanolaminate)M i^sfb ffi B6* WHtoOIU-B^ XI^SsjII as S6tfl S^aa 
3HAIBCK 3£IU. £PI 'ttHBOII 2J6HE is£ Ol^^dlM &CHI &SB fHWdlXIM »fc HfO z fltB agS}?!?} 01261 01 g 

a. 

b ^g£j xii 1 gtsa mw&m sb8>oi &x\m §^(ald) ^si oigmoi e ^(deposition rate) a g^m^oi i*»st©i 

m& «S8tbQI 2ACK 

S ; »82| fll2 BES 3IB 6KW ±1! XI (step coverage)^ SgSI2 EH© ^Se(pattern loading rate)2| ^ID^f ^s|2| 

Si 



i^^OI PIB ^Oil §fs|xjo^ s^i ^ STEHODAI ^Ol ^IBOII ^§9CL Ol^Oil, ^^| ^«|5|o^ a^EJXI StS S^XII^r ^>0| 3|B^ 
S¥EI XU^EIH ^»SPF E^EiOi »S|5|2£ B*ta H^Sia §f«[wo^ BS^Ol 40| 3IB ^dl &Xf# B?|2| 6.^Ma|§ 8SB 

a. ; 

g-^SSI ^AIOIIOIIAI, 2?xll£| m^^B MXnOIOI. ^,01 MXnOilAJ ^1^ ^^IBSOIIAI 2^, J\\mm SSSffe 3A^, 4A 

^. 5A^. 3B^. 4B^ ^ 5B^ 0\± mU°l SIXfM UEIUiH, -NR, R 2 ^/H R, ^ R 2 fe ^!Xf gJ UH UiXI 4^HH| ^^X^g 

^FXI^ ■»a?IS¥EI AH^ SH»^1U xl^^l(substituents)M UEfLHU. «P| nS 2 LHXI 521 S^Oia. 

£ Vasi CfE BAIO0OIIAI-. »5I B?»lfc Sr. Ba. Y, La. Ti. Zr, Hf, V, Nb, Ta. Al, Ge. Pb, As, Sn, Si Efe Bi SOIlAi S^BWUg §!Xfg S 

Hia^B S^XII^ TEMAH(tetrakis - ethyl methyl amino hafnium. Hf[NC 2 H5CH 3 4), TDEAH(tetrakis - diethyl amino hafnium, Hf[N(C 2 H 5 ) 
&j,TOMAH(tetrakis - dimethyl amino hafnium. Hf[N(CH 3 ) z 4), Hf[N(C 3 

Ht) 2 4. Hf[N(C 4 H 9 ) 2 4. TitN(CH 3 )C 2 H 5 

4. Zr[N(CH 3 )C 2 H 5 4, Sn[N(CH 3 )C 

2 H 5 4. Si[N(CH 3 )C 2 H 5 4. Ta[N(CH 3 )C 2 H 5 5. AI[N(CH 3 )C 2 H 5 
3, (CH 3 ) 2 AINH 2 aa S»»Q. 

£ ^S2J BAIHODAI. "H^afc ^ 300T3 01^21 gE S?l 2f 0.4 torr 0|»2| S?l^r ^XIQ ^EHOII/H EgJ©D. «5| S^XIIfe 

0FS5, sEfe o^^m m±a\ sir s&s^ is^ 9H bich ^r^oii sia'-Eaap.'" 

g ^S2J BAIOIIOIIAI. feT^I SfS,^o S e^EIXI &=?MS= 0h = 5 ^ H£ ^r^M SSShb MSS 'Mil ?\±m ESsfb SJ/SE^ B 

S-IHXIB oismoi xii^ao. 

tf»a2l OllSfe H 2 0 2 . H 2 O.O a . N 2 0. no 2 

. MBi^m o 2 . ejsM aEi^oi- o 2 . w&*u\ n 2 o eoi sia. ^^i ^xf^e h&b ^oii ^i <^sfxii^ bhsaom a 

UH XI Ph^a ESSffe &S Si/Efe 51S fflXIM 0188(01 «i>i@a. 
S ^S2| ^'Al Oil Oil AH, BXF#a ^^1 B^l^g <^sf^2J ^JHI^h ^£j2j ^ XHI CHI 0|g ffHJUl B4B 4= 

e aa-a aioiioiiai. a^i bxbs ^tn lhouai &r ioor mxi sooic2j se s ^ oil ah 4^^§ 4- ao. 
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B l^°J Hi 2 BS6PI ^moi BXf# gSKALD) 5§i OISB £*ag Sf9|2| S«gJB0||/d. B£S| 3IB0I gtfl UH CHI ?ix!SCh . 

01^ on. s omiin^ie sewt a^spt «3i iJ¥^oi &;>i :?ib ^roii sf^^o^ 4* sife ^ehoiiai ^oi gwm 

^3 «goi gyws¥Ei n^ia *on. ti»ji\D\ ai\ ^tiiuis eshoi &3i si^2s a^s a^aa etsotoi m\ d\b &qu 
^as2i mxm vgect. 01*011, &di Bsmxi as ^ass &d\ ^w^¥ei mowta. 

m nasi « AioiipB/d. &oi tib ttoi ^^a^ ntBfs bsexii maiehsj ftaot se^ ;hioim aiemoia. 

B »32l P3 BSWUI ^lahOI BE SI SM2I 9HHHAIEI StiaBjM^vjail £^0| BESI 2IB tfOII SSSH. 0*01 in 21 M S»8ffe g,„ 

""^"a^a^ 6Pi 2^xii2j sj¥^oi tfpi Tan «oii attf^ss's'afi ^ stfc ^ehoiiai xim 2^ aw case*. m\ a'^sias 11 
s^sixi as s^aisi &n ¥^oi £,01 ^ws^Ei aaach 01*011. gaapi- &d\ gv\ e^ejoh £,01 asraiss 
2^121- bs»« ^ssie s«b». 401 sastoi *oii, yiam an &01 ttrnwn is^ 3^21 si/se^ ai mxi 

Oil SJ6H 6PI gttf£¥Ei aiZHSCh SI 2 2^01 SB Of ^ Of I li^EjOi £M 31 S 3HIIH AlEiM .SaKQ. 

b »82i ^AioiioiiAi, #?i *m gaci g&g 3w« f ess laaae*. ua s^o* 3^21 am 01&21 s^s sss^uo 

4*21 ES^SOII 21 B =?^mm 4= SICK SE ^ A| Oil Oil AH . £PI H1 S^8 B3tf Bie^t » ^^l Mdl^dl^^ ^0j| « 

^ a ch gsoiiAi feoi sai^ai^ai£i <^sfg axis^u ^^ai-b isieii se^a. 

a^i ai2 6Pi an 2^3f dj»^ms £B8' Baitfae^. °j s^etsi am oi^si s»8fflUQ*a ^>^i sent 
son sie sjs s'»ar 4^ siq. 

£ ^S2J ^Al Oil Oil AH, ^2^0il ^^^^ ^|2£J ^SfeiM ¥^&Cf. S Cf§ ^A|0||0l|/H. Hf0 2 2J- «M 

<i^^^ ai 2 o 3 2[ hi 2 ^mm ^ 

p.^S2l ^ l A| 011 Oil = SIXfg i^gf 0|gSK)j Omi^n^lM SSSfb 2^12* ^a^lIM ygA|5i ^gj 9HWai XKstep coverage) 
li^ ^^01 *t^m SSS ^ 2iQ. BE» SSOilAi ^^| 3H H}i A| Ei ^S^OIU 3I0IM ^21°[o^ 8te . 

«}£Mi s»2i oh§^ □. Ai^j^e »«aib aia. 

oisK s vaa bn,^^ ^ aioiim e^i ssskm tf/iatai ^safa an bo. 

£ 2a LHXI £ 2e^ S ^S°i ^AlOilOil CUE f^gf OISB ^^S| 8^^§ ^38^1 B3£M0ia. 

£ 2aP S^a^. 31 01 H 2} B^ ^IB(1)M ^ k 100TC UiXI 500TC2J ^XIEj^ ^bi LH CHI 5\X\M?1Q. HD\ 8BW2I 0.4 

torrOIShSJ ^EHOICK S ^S2J ^A| Oil Oil AH, ^Ol g£ S?i^ ^ 1501C LH XI 350TC0IO. S^U2| S^^I^U 91 0\0\±D\m 

S&Shfe S^XllS Ofs^oiU ^^2f B^ if^ 3HdlOi 0188101 &?l ^tHUIS ^ 50sccm UiXI 5000sccm2J ^^o^ o t ^ jjjxi 

3£ EfflWOI tf^l 5IB »0II B*t*ti2)m aaAiaiJ. B ttasi ^AlOIIOilAi, iS^ 3H£101 3^2| ^ k 500sccm UiXI 1.500scc 

m g?i01Ch 

^Ol S^Px-llb sf^^OI MXnei sUfSM H&6H1. M8 Sl^ ^^ISSOilAI 2^. ^11 ^ S H&6^ 3A^, 4A^, 5A^, 3B^, 4B^ §y 58^ 
S\ &±^Ei ^^Elfe S^fi afU2] ^XhOICf. B ^S2| ^Al Oil Oil At; HD\ &±m^ Sr. Ba. Y. La, Ti. Zr, Hf, V. Nb. Ta, AI.Ge. Pb. As, S 
n. Si % Bi^ OI^CHE! 3B2S¥B ^^El^ 5fU2| S!#0ICh SE», ^^1 X -NR, R 2 M UEIUiH R, 

B R 2 fc ^!Xf E^'OH UiXI 42H2I §IX« 5^5^ OilH^I, Oil ^ PL n-H^g, iso-HM^. n-¥l, iso-¥^ % tert-¥S3h 

»u?i£¥Ei <y^Ei^ snm^u ahs ^oi^ m^oiw, «r?i n g 2 lhxi ueilh^ s^oia. 

1^S2| ^AlOjlOilAH, ^,01 2^*1l^£r 6fHs(Hf)^ OrDlinPIM 3tS= 6f°fe sl^MOIQ. ^Ol S^X-il2j OllSfe TEMAH(tetra 
krs - ethyl methyl amino hafnium, Hf [NC 2 H 5 CH 3 4), TDEAH(tetrakis - diethyl amino hafnium. Hf [N(C 2 H 5 ) 2 4), TDMAH(tetrakis - dimethyl 
amino hafnium. Hf [N(CH 3 ) 2 4), Hf [N(C 3 H 7 ) 2 4, Hf[N(C 4 H 9 ) 2 4 iii^ B^^^ ^ mj\ g^^2J 8S2S Mi 

1 ^ 2l». ®=?X\\S\ OB OIISAIfe Ti[N(CH 3 )C 2 H 5 

4. Zr[N(CH 3 )C 2 H 5 4. SntN(CH 3 )C 2 H 5 

4. Si[N(CH 3 )C 2 H 5 4, Ta[N(CH 3 )C 

2 H 5 5. Ai[N(CH 3 )C 2 H 5 4. H (CH 3 ) 2 AINH 2 P^ 2lO. 

^ tt82i ^AioiioiiAi. 44 ?ie sxfs g^i bismoi ^wanxi a h^sms 8hHte(Hfo 2 )s*oi 

a, 

«3i s^xiig d\b &o\\ EaajH. a^xii ^xfhj ^¥^01 ^01 ^ib^chi s^*^o^ s^a^ pib ss^oii a?am ggsm 

. S^XII ^Xf g UPHXI ¥MB £f*^o^ ggf @ hi 1 ¥ » A^oil ^£|2jo^ S^EI>iU StH Ui Oil AH SW6F>II 9CK 

£ 2bg S5§^, OlOiAl 0^'5(Ar)0IU i^(N 2 )2} ii^ ££jA|^ IHXI S/SE^ fflXIAI^o^/^ ^|e^0|| 

S SSTEIXi ^>0| S^Px-ilM g BS2| ^A|0||0||Ai, «^l"HXl SE^ IHXI8 ^AlShfe Al^g 1 yjj, 2 0^ §B0| 

gSimDK B B82I ttAIOIIOIIAI. ^^I AIBS 1^ UIXI 4S OID. tf?| IHXI 5§0| 5!SE)= SB. Sf^2S S^EJXI «3I MHOI 
1,^1 8W-S¥EI Hl^a-OJ 6T5I }|B(1) ^Ollfe &D\ 948 ^4(4)1421 S^fl SXPJ fe^l SO. 

S'2cB S5.WB!. SSW Ui¥0il tffi)0(6)l EBBO.'B ^921 ^AlOHOilAi, &D\ &mX\m ^ 500sccm2i ^^o^ 2 LHXI SB SE 

.aAlsja. «5i »«B«ffi«4)a ai\ a^rsiss -bjswoi ^^i 3ie<n aoii. 3^ ^as §ixF^<8)e g^s^i ao. otis gen, ^ 

' - PI PIB(1)2j S3 ^OilAi a^a^El 6[5b 2^^|^5f &J\ &mX\\2\ §!XF# B?i°J Hf0 2 S|OI ^ 21 Q. 
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SSbi i*»ate ^a§n>ie s^afe &bxii sb oma- ^±(o) aoaa b*s« 4= as= s^^e &8aB sB»fe am 01^21 asaa 
sbbo. ttmMtz m&*n\ ««:>ioii s\m n&s 2g(o 3 ), aa^of o 2 . aieM aazEoi- o 2 si Ma^ot n 2 o§ sbbo. 

■ tt± XHdlEICH 2ffg I^6f9, 0 2 3^g2| ^¥^h 0 3 S aBSIOI 2f 5% LH XI 15%2] Mb\m D\I\S= 0 2 /0 

3 2J SB^ia^ ^^SCf. SEB. #31 ttStHb H 2 OU H 2 0 2 2F BS *tf»JI N 
2 OU N0 2 2* BS tf^B SBWfc Off 8BSB HBBQ. 

1(li S..2cJB..a£«Fa. g^g- S£ MS£ 8N ffl XI (purge) .Sl/Et 5iS KXIAI^ »fl* B8»XI &8 <^£IX1IM gjjfl^Et 

»l3iBO..ff ^S2| ^AIOIIOIIAH, &D\ 1*1X1 SE^ HXIB ^A|8ffe UIB3B AlZtff 1 UIXI 20^ SBOIO. ff BBS) QE' ^ A| MOil/d', & 
?l ft XI » HXIB tf»BM8)8 8Sfi *«l IS UIXI 4s SB *9BQ. 

E 2e.B S2E8B. 3IB(1)6fWI fePI a?MB EB80I S1^2§ S^'s B?a9*8 B^Stfe B3II. £PI ssra a 7X04- 

oii sbsxi E-i xi oil s\m »i:n»fe eai. aaaa esskm &d\ swsjos m**& abasia ^»Ai9ifc eai b b 

mmx\ ®g ttmx\m mxioii °ien &aia emsias ^sb££mi, picko &oii ^jhim sfe tt»Qt(8a)8 BBatJi 

so. 

b bbsi ^AioiioiiAi. #d\ &x\mm &m\t= sb m¥2i se^ «r ioor mxi 500^21 &e s^im :> r ao. e wbsi om baioioi 

■«#6^l LH¥2| S'Efc ^ 150TC LHXI 350 "C^ SE £J?I8 ^SO. 6PI £E £H§ B»«. Hf0 2 21 B& ^82*8 iSSfb §2t 
■«^SJB2I HS! £tf B/SEfe §3 a^B 2hfc»31U 'S^fifV 4= aO. 

1 Baa ^AionoiiAi. omi^iM stsfb £pre^-a : ?a2i ™n\ ±2^$= Bsa a^asi-' »e oe a?»aa- uibob/h mimm 
5=^0. e^i^oi ^ci^ £B ^Mth gs[ ^EHOiiAi omit^iM ^,01 i^^sfi s^^ioii oish ch soi yit 4 2m i= 

5ie.210|BO. CLf^AH, Omib-^IB SBSFfe °»X1\ ±2.±m S^X-llS Afiofb 3^, SUI L41^ ES£lb ^f^2i gfOI &OhX1 

AH 1:10 Ol^Sj 0i^5ii^ HI (aspect ratios) B ^ ¥f SE^ &X\& d^B «0|| SXfSI 4^^f '-SO. CQdf 

AH. g£H°J &S3!2fB 2^X11 CH^iOil S ^S2J ^A|0j|01l 0>E Omi±n?IB B^S^ a?X0B MiSffe S^Ojl ^ij ^ W £1 XI (step cover 
age)^^ B&TS ^^fil §^0| ^teWO. SEB, 01 All © ?M(0IIB MOi, 30A0I»2| ¥^HIM ^hXI^)M tf»SfS| &J\ §J 5BBB 

^aim^i xiioiafe 3i£ -^te»o. 

4TPI £ 2c01l UOB.B5IIB ^IBSfe 3?, tt± £fCI^M S^B 4 s ^SHII ^ 4-^^PIB SB6fe ^^XIIB S¥ Af§« 4 

ao. S BBSI BAIODOI/H. BfiB B*S XHB mgm &m^m BSSPI £^ ^^^^ Mg^iO. MJIS H 2 Oi AlSSlb 3^ ^ 
51 ^BBf.LHOII (OH)- BBOI ^^£IAH HBSaUMBB 81 ¥^ (dielectric leakage) 01. B5FBO. 

SEB. 0 3 Oil tilSH H 2 0 e^l^ IH XI M El XI &0F IHXI §^/SEfe §B AI&OI BWO. CH^^I. H 2 OI tfBSIS A|§»B S[2| ^IIBOIlAi 

aa^sj ^^s ^bsfoi 5ii s mm se^ ximAitio. ^01 en^ 'bb»b ^^i oiisbi sxioiiah oiiai(soft erroo^h mimo\. 
mz\2\ £i§}&m £&mt\. nam, o 3 s -^bhis ausi^ ^,01 sjiims ^^ei>iu si^^siq BS^ej ^ a 

H 4 210. SEB. &?| 0 3 ^^Xife S^^^OI SS^I (EH^Oil S BS°I ^A|0il0il/d Af§92iP. 

E-3S S ^SS| a Al OH Oil D>£f Hf0 2 eie S^B IIH Mggb e^dl dim Ol D\m LH2J ^ x| 0\\M a ^(breakdown volt 

86e)8.*S»« ^OiEl IH-jU (cumulative failures)© UBtSO. SE 3M BS8JB. SSBfS Al 2 0 3 (-30 A) B HfO 2 (-10A)£j MB^OIO 
/3 S<trace) 50^ 0 3 

^BXIIB AfgSfOI S^B ^a^Oil CUB 5J0IH, 3^ (trace) 52fe H 2 0 &hBniB AJS8W 8BB ^S^OII CUB 510IO. 

EE 0 3 ^BfllB Ahg6h01HfO 2 Sf8 B*fB S^fe H z O 6)8391 MiefOl Hf0 2 S|8 B*B 3¥0il 0I6H 0.5V 

B^S^8 5HID1 ^SS|o SAisJ Aigj^oi CH i^O. 

£ 4a B 4bb S ^SSI ^ AI0j|0]| CEfEf Hf0 2 B«tB (EH AhgEI^ ^BSSI e^OII CHmOi 2^011 CEfE ¥^ B^ *§S^ ^CHXI 

b USHHOIO. £ 4ai= H 2 Oi iffiflS A^S^ Hf0 2 B»)y CHeSH. £ 4b ^ O s m M^o[0\ Hf0 2 ^011 CHg^O. 

£4a B £4bM 8S»B, ^Oj 9848 AI 2 O 3 (30A) '8 HfO 2 (10Aph 5J#E1 ^B^OIO. 

£ 4aM S26fS, &D\ 3 ^ (trace) B&m 0 LHXI -5VJrXI£l S^OilAI 521 B*< ^B(sweep)8tB Al ¥^ ^SSKX SOiS ^OlO 

. 4«lttH CHI AH ^l^S ¥^ ^^(60)^^ UOBO. 0IB SSrOI 5S!H ^§A|0|| S^OI ^^ofb 51 g SrBt K ^ 2ID. 

£ 4bM ^^1 3^(trace)M^ E&g 0 L4IXI -5V ^rXIHJ g?IOIIA1 78 ^ ^ (sweep) of B Al SWi ^SSrOj ^CHS 5! 01 

O. 6T3I SBfOllAi, 7^£j ^8A|^XI£ » 338121 ^^B ^SfSJOl B9B ¥^ S^(62)g ^XIBS B ^ MO. QJ2IA1 , H 2 0 ^BfllB Mgo[ 

oi ssb ^s^oii bi en o 3 tisai Afgmoi b^b ^a^oi aaa ^^bh^oh.chb ^isj^oi a- ^ ao. 

SBB2I 8AI0II0IIAI. OKQIt^lS »fc S^x-jlS AfgofOj 9848 S^Srb 3? BBOI UI8.S48 (deposition rate) 8 ^2 

91 S^Qfe §§01 ao. OlShOUAite. 0IHB i§§ MO tfAIIS^I 8BBO. 

ff ^S2I ttAIMOIIAI, Omiin^lB B?»IB AhgohOI Hf0 2 Q^8 ea. h Sfe 3^ ^£H2J B£2!!8B S?SIB Ahg6^Cj| tiloH B48(de 
position rate)0l BJiSlt: §§01 ao. £!Xfg B4B0D SJSH S[8 e^S^GII aCHAi (deposition rate)M ^§Shfe eiXffe B 

8 a? a 2| a^ioiO. «5I ^SfllSI- S^a M0|2] Bg^OI axi %m S? Be ^£^f ^Of § ^(deposition rate) 

oi ttojao. o^^xis. &d\ s=?jhs\ gjasj a^pi- s a^a^t B«faoiot ssn¥?i?f aas Be ^oii -s^e a? a on s\ 
m ^haxiAi. ye mmei be. Be ^e 8 s^8(deposition rate)oi yofao. 

Be^ ^3011/d. TEMAH ^ tBH[Hf(OtBu) 4 3 B8»fc OlPmSS OIjHBO. TEMAH2I 3? Hf(-NC 2 H 5 CH 3 ) 4 Oil M ^BflieiOaOII 

2] 6H Hf-N^H0l SOI XI 32 Hf-0 BBOI 4SBSO.'»3l tBH a?»2| ^^1 BS £^0|| &D\ fchBaffl O 3 0ll 2|6H Hf-0 BBOIU (Hf 

-)o-c ^^oi soiao. oi cm . ^xfhj Be m±2i Hf a? 021 Be a/^2i Hf-o as c-o 010. crieiAi. Be2j ^a^(drivin 

g force)0| 3X1 BO. M&M, TEMAH PI* tBH SO B8S0I S a^aoiO. 
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tBH£! m*} =?Z. S! TEMAHSI ^Xf 751 dUBBD. TEMAH[(NC 3 H 8 ) 4 4H 9 ) 4 Hf ^!4:£J 52 ^tHdlXKcoveragepI- ^OFXiAl B4s(de 
position rate)OI mJ\5VU S Ch 

£ 5fe B ^S2J ^'AlOjl ^| S^XllS ^^MOIE Affgfb e£H2| ^^011 d>E £!X^ S30||Ai ££0|| CHB Hf0 2 SJHI B 

^(deposition rate)e UEft*DL £ 5S £^6rS. S^(trace) 10B &}| B ^S2J ^A|0||0il 0>£f &}| Hf0 2 stg §S8f@Ai 2CHXII2. 3 
^(trace) 121= &3| ^2H£J gfgOII CUE} £>OI Hf0 2 e*8 €S§fSA1 £CH£!Ch £ 501|Ai, 4^g B4 S£(TC)B UEHHI1. 4**{ B 
OIBS S4Elte 421 ^ S48(A/cycle)B UBtHQ. 

,,3,81. 21 'AtAIOHOHAI. S^SIISAI TEMAHg 2£S2* EBS2, IH XI ^±SAi ArM 4£S2i ESSfaa. SEB. ^31 #»XII£A| O* B ,4 

sset seam, mxi ^s/h Are 45§oj sumach &d\ sbs'qbb seohai b«*b *. 4421 seoiiai s46(deposition Vate)" 

8 *g»HO. 6PI 5211 ^XlSrfe g EH Oil Al &D\ m&\2\ »«toi 0}£| #3| s^ai tBH(tetra-butoxy hafnium. HKOtBu) 4 )B OIS»hOI 

:>i §sjb ssoi B4aao. 

£ 5S S^af^, 3^ (trace) 10011 UEfB br£r 1*01 ,200 *C l_H XI 300t;01IA|±r £!Xf# S4(ALD) S§ ffiOIH, &3| Hf0 2 42| tig£^ 

Oil gl\ e ^(deposition rate)OI SSSfO. 3001C 01 Oil AH ^ g£0|| ®& &}| B 48 (deposition rate)0| #***!o^ §D\& 

£ |*4:>I#S4(CVD) S§ U&aO. 200 "CM m 2 <=> B48(deposition rate)S 4 1 A/cycle 3SOIQ. 

12011 uEfy w» boi «2i sai2i a son sioh Hfo 2 48 ias^, sixte s4(ald) g§ 4 2sotc lhxi 3501c- S£ 

CHlAi USyO. Efi. fiUJI a ^1 Oil AH HJ S4B(deposition rate)£ ^ 0.4A/cycle §£0|Q. 

6PI iH2r^¥Ei, 40| HfO z 42l S4B(deposition rate)^ 6K?l"s »82| MAI Oil Oil 2|BH OtOl^blB 5^8f^ &}| 3^ a?HB 0|§ 

6h01 &2I Hf0 2 e|M S^Slfe g£H2J ^gOll 2J5H ^^AfOIE^lM S&Sffe S^XlIM 0|g8 r 04 &3| HfO z 9|§ 

^ S^OII dloH CH BSQ/SEB. B ttSSJ »B0| 2J8^ ^ 300TC 0|5^ s £0ilA1£ oj^rS e^(ALD) §§i ^«»0| Hf0 2 § 4- 

^^1 ^aioiioiiaisi esf 300 -c oiahoiu, a>i^ m&m m= Hto 2 ^ib 3001c oi^si ^soiiai g§§ ^tsmoio^ 4* 

£ICK ^61. ^SfXiPl- H 2 ORi S^Oll^ ^ 3501C2I S£0||AH §|X^S S§§ ^A|«HO|= ^4^B S^l^j 4= ^^1 

^SSHfOII ©a. »5I 841 4IA|»3| AS ^A|01|0||A|£j Sf 100 LHXI 500lCO|Cf. 

B ^S^J ^'AlOjlOilAI. TEMAHM ^Xlm S4(ALO) e|M S? ( 13:1 0|^£j CH^^^blM 5£fe ?SS0||A| 

^ 80% 0I«2| ^4=£[ ^gj 3itHaiXI(step coverage)^^ ^CHSS «ffi!tt ^ 2t2ta. ^I'^H 31 bH EJ XI (step coverage)^ ^^MSj ^^2f m 
¥0HA| 4^1 aj£| ^j>i|blMe 2I0IBO. 

£ 6B g ^S°l ^AlOjlOII Hf2> iff §J Ol^eiMblB -3*fc tfO|| SIXfa #4 5§§ gCHI SEOII CHB Hf0 2 S|2J §&[ 

^(deposition rate)M UEItdCI. S^(trace) 30B &D\ Si ^0|| HfO z S|M ^CH5! 5101 32. 3 £ (trace) 32fe CH^MtilS 

f^fc ^^s^oii Hto 2 age s ¥oii ^ohs 201a. 

i 6 Oil AH. ^B 14 S£(TC)M UDLHU. ^ B M^OIMS §4£lb ^21 ¥WI. ^ S4B( A/cycle)e UEftHQ. 

mm. m=?x\\2i temah© 2^ m& ssskh. mxi ^ r ^^ ArM 4^ gpi sgjmaa. 01.01 ai, ^>^i o 3 tt>M'4s §8r£B»a f 

fflXI Jt±g. Arm 45 m& Ea»aO. «5I S§8 ^>0| ^ ^SgOII □SH oae ^SOIIAI y^SIH, ^Ol B4S(depositioh rate)B 2|^2J 
^SMOIIAI HD\ 2| i§§ B WOIB, ^ 1SJ 4*Stt DUO I- CI- ^§SI2iCh 

£ 6# S h 55^, g9| S4B(deposition rate)B ^>0| Bt^afOil^ B?8H1 »2J B8»0. ^. «5| g£ S^OIlAi ^|Xf# B-4(ALO) i§ 
aeoil CH6HAH feB Oi^^^blM 3t±= =?^mo\\ CH6HAH BBBQ. &OI B tfA|0||0| ttf^S ^^B ¥3il Sffe 

^Ol i^§§ 2I0IBO. 

?f 200°C UiXI 3001C^ a£ S^OIlAi ^6H5! B4B (deposition rate)M blUSH SCf. 32HH 30011 UQtf bh£f aoi ^1 S&^0|| ^| 
B4» ffH 6f^l S4S(deposition rate)^ ^ k 1 A/cycleOI »Ch BBOII, (trace) 32 Oil UEI-t+ d r a ^Ol fe^ CH^^'MblS i^fe ^ 
CHI ^^l e|OI e4EI^ 548(d.epositi.on rate)^ ^ 0.7A/cycleM i^^Cf. ^. Hue ^SM(pattern loading rate) SEfe OheHOfl feOlS! e[2J EH 
02] eg^Oil SIB sBffe 2^ 30%0|Ck EH© SSe(pattern loading rate)B 40| ^g£l^ 1\&2\ s»0|| e4M(deposition rate)OI 
^,^5^ til MM 2IC3IBD. 

6PI2I S 18 E ^S2| &a S ^,01 eSH2] ^SOil SI8H IB % 10:101^2] ^8 0i^5i|^blM £fe ^P5&e ^0{| §Sf §§§ xi^5 r 01 
^ ^^MOilAi ^SE S IIH© safi(pattern loading rate)OII Cfe Hf0 2 ^£| B4S (deposition rate)M bUHo^OI UEILHaCh 

W?. ■■■ . 



sen r " 


BB ^£1^ 


Oi^^MblM ^ 

5i 




Hf(OtBu) 4 + 0 3 . 3001C 


y=0.25x 


y=0.125x 


50% 


TEMAHdOOt) + 0 3 , 250 1: 


y=1 .01x 


y=0.75x 


26% 


TEMAH(IOOTC) + 0 3 , 200*0 


y=0.98x 


y=0.633x 


35% 



S 11 »5»H; ^,01 ^gOilAi^ S^xll^ tBH(tetra-butoxy hafnium, Hf(OtBu) 4 )M Afgah^I, ^SHIS 0 3 B A>gmSCL tBHM S 

=?X\\g. Afi5fb S¥Oil^ ^ 350^^X1 ^Xf# e4(ALD) 5§ 5§ Si 300 O^. 

5 1;2| ^S^OHAl. x^ M^0IM2I 4^S UEILHH yfe §SfS affij u&yiCh X £| ^ 4 2| EH 00 A| S'4S(depositi 

( , on rate)e UEfyia. B ^S2| tfAIOHOH £|6H SB ^£IS ^0|| ^^£|^ Hf0 2 S|£l B4S(deposition rate)B «5| ge«£| »SOfl SJoH 
_EI^ Hf0 2 S|SJ B4B(deposition rate) Oil bISH aj 4bH^r bUr^Ch a>£fAH, ^Ol ^aie SB^OII ^>0| Hf0 2 ^ie ^«S^ S?, ^>0| B2H°I 
SOil bl8H i§ AI2J0I ^ 75% ST.^fiQ. 
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EB. B ^ga-#AIOII01l SJ8H ■ feS Oi^^dlM i^fe #31 ^aie #OII i^£Jb HfO z 4a § ^(deposition rate)£ #3| md\2\ & 

.SOll 2J5H.^^£I^ HfO z 4a e48(deposition rate)S| °> 6HH0ID. 39°^. #3| Oi^^^blS #3| ^ai^ ?2£8#a ^£15 
#011 #31 HfO z 4S i^efb §?, #£H£J ^Oil UI6H g§ AI^OI 6^£J 1^ 3£BO. 

omie3ib sbs^ #31 ®=?x\m mso\o\ 448 s#8fe s?, 44011 sesife #31 &^£j bitoi #cu»o^ m §0 | ojq o 
a arm oii sbs^ ^uuiaa awe e^Ai^m $*a4a £ia#oii ^ggt oibo. cd^ai, «B4-uisi #3i &^£i bsoi 

SIOIXIH #31 ^HHAIElSj a^l^joj H#0| 8«BO; 0I»«IAI #3| ^§1 B CH ^ All 81 MB 8^1 S BO. . 

,7-S.« B83 BAIOHM ©Bf OBB a^XO AJSWW.aaa.HfQtf-^ UISI e^: BB8 2xh OIS Hi* B*i (second ion, masses- 

pectroscopy. SIMS)g P6H Ai *BB £010. E7M S^6fS, 4 3£HH^ OBS a?»B AtSSKH g#B,,^a4 m°] &gg§ UEJ- 
tfO. 

E 7I.S58^, tBH [Hf(OtBu) 4 4B #31 ±Q.±m BH£B. &^£r 3BS3, #31 O-C 8VS «»ai»2| Sill a^SHAI SI- 

CK Q>2> AH . Hf-O-C 3B£S¥EI &±m S£l»fc BgOl 0H38 4= B3. #31 tBH ££±^¥Ei C-0 SttS HI3i5H=r 3!8'»«B 4* SIO 
^BBOII. B »82| fcttBSifi ^A| Oil Oil d>g #31 s»X|| ^S^oi JEM AH It AtSttOI S«tfttOI Sa4£ #31 48 gOHAi 3*9 

feE BBS £013 2AO. 

o\u\±i\m m&ms= &=?mm oisb s4 33011 a»oi bs4b assifc s?, s§ sjoie #31 ^a 4 lhoii §i±m b&aiu ^ & 

O. £I-E ^^OilAi Hf0 2 44 LHOII §j^S ¥3Wte HfO x N y 44a 44 ^#0| B#S03 MH£I21Q. 

Oilmen. Hf0 2 4 HfOxN y M 3II0IM °as|£g Atstt 30 «^ 0|B°] 01= Sl/Efe £i±2\ m&0\ ^XIISH. 2i§^£ 

inafAH, HfOxN y M oigmoi ^ioi^ ^asioiiAife gsi «&oii s\m mo\ ^ms\ H\o z m Mmmo\ b\\o\^. 
UIHflAI OH^ finmn .210. 

SEB.UfOxNySI a»OKEtoi )2| Hf0 2 Ml U| 6H CH ETH, Hf0 2 Oil UI6H CH^ MH£J2 HCJ, UBSISS. ^ 

^1 HfOxN y ^s HfNQie e^th ^ 6V^BS0i|A| ^ ^XHdj^ ^§SfSfM g^A|?JCI. 

□am. TEMAHSf omit ^ii^sj a^x-iiM Afgmot Hto 2 m mnm^ 3? ^xnai aois lhoii &^ai^ ^ ata. oiiei 

CH, TDEAH(Hf[N(C 2 H 5 ) 2 4) » O z g OISSKM BBSWI #S*KLPCVD)££ 8flfi Hf0 2 7%2J grfcM BWBCH1 M^ISISia. 

^ ^SXf MOII aB'AlB 3 3*, TEMAH 91 0 3 ti&JSLm 0|gB ^XFS e^(ALD) £T£0|| £1611 i^S Hf0 2 Sf 2%a ^^^^ 

sisoi ^oi£i2ia. ccfafAi, b "»aa ^AionoiiAia ^aoii ame ^ lhoii s&rn^ ¥^ei- ^§ ^aeie gois^i msm ^ 

feci. ' 

- 1" f 

QI6K B ^Sa ^Al Oil Oil mB BE8 SxlHJ 3HHHAIE1 ^SSPI ^ ohOI B£» SM3 XHS^Sg flgftSJI BO. 

£ 8a LHXI 8e^ &-V8SI W»a|B 61 A| Oil Oil Q>Ei B£2| SS01IA] 3iDHA|EI i^ a JSi «8»l «B_BBE»OIO. 

5E 8aS 6^5^, BE Ml' ^1^(100)^011 e^a ^Xf B£| g§§ 4=^0j 2ijE|« (102)01 aa&O. OICHAj, a^J ^|B(10 

0J6KMI ^llOie BBSK104). ^ilOje a=(no) ^ 9^(1 16a. 116b)B ^blB = &x\±&m S^BO. 1 D\DfUm Ol^Sj OIIS 

tig ^^l^ BESI S XI Oil AH ^ ° k 20A0IUia OH^ g, k B ^IOIM ^^^(104)01 fi^Cf. 3dHU, ^,01 ^ilOl^ BBBf(104)a ¥3HI 5|| 

oim ¥^ e^. ^ioi^ £s g^isi sf, a&a x^B^ 121 g^ise uolhh 2^0. hh^oii. ^^i :hioim ^2^(104)^ ^t^b 
b vaa'tfAioDOBAia ^^(ald) g§§ oismoi §^^01 ^chu^, ^aeoi s^s^ 201 wbsicfo- 

^. E 2a LHXI £ 2e0il EAIB U^a 90|. SfHsif OhGlki^lM 5&Sfb 2«X|I S ^SfllB Afg5f2 ^IX^g S&MALD) 5§i 0|g6^ 

01 HfQ 2 g EBSfe ^ilOje SB 4(1 04)01 tf^l 5fHfeHh OfOI^^IS EBSte filia TEMAH, TDEAH §y TDMAHgOl 2AO 



<^sf XHIfe M^f^0^ tt«9^l. Mdf^Oh 0 2 . dlS^ M^^Qh 0 2 . §J Mdf^Q^ N 2 O0ll a6H 2g(0 3 ) SEfe H 2 0 Efe H 2 0 2 

a 4*^»3IB SSSffe »BB9.»0| ^^Sf© tt»fllB SBBO. «^l ^ilOl^ a^(110)S M£M0| Egi SEI^£IB4(106)olf g 
^ AI£IAt0IEQt(108)0l ^§9 B&IAWIE ^P^£ S^B 4^ flO. «PI ^I0|^ a^(110)e HD\ ESS M£l6i eiB4(1 06)S §^ei(W)3f 
ftS EBSfe S^4S SB6H=: qp^S B^B 4^E SIO. ^^1 ^ilOlM S^(110)a ^,^0||^ &m Mft^m SB»fc ISS §BS|(11 

aoi.aaas. ^^i ^ioi^ a^dioja ^soiife gsi ^aiee ebs^ ^mioiAKside wan spacer, ihpi igsci. 

ox 

£ 8bm &55^, ^f^| ^^XI^Ei^h #3| 3l5Kl00)a 2 3 Oil ^B^IES tfSBBI H1 1 BB°K118)8 BSBO. 5S£I^ZieHni(ph 

otolithography) .tf^l HI1 SB4(1 18)B ±146*01 S^(116a)2J g¥@§ inBSfe ^^B(120)M BSBO. OlOi/H. B 

(p)o^ gai^aie^e e^moi #^i e^md20)e xh^^ HiiEa^s bssfoi #^i esjs(i20)a ui¥on ^ sai3(i22)B § 

gBO. #31 M£0(122)fe #3|.H1 BB4(118) #0il i^SD. #31 JQI1 £3421 #¥£r Oilxl^i(etch back) SSOIU sf*^ 3|31|5j 
BOKchemical mechanical polishing, CMP) SSOII 2]6H Xll^SOi #31 ^ 893(122)1 y-ZlO. 

E 8cS.B2Ema. BaH(122) SJ XI1 1 BB4(118) #0II ±!4 BXI4(123)8 B#BO. #31 &I4 »XI4(123)S ^dj^ §§fM(Si x 

N y )4 ^£15 6ha»B(SiON)43 90I #3! H1 BB 4(1 18)011 bloH ±14 ^1^013* 401 ^i*!BO. 

#31 A|4 »XI4(123) #011 ^^£i &&W^ 0I¥CM& M2 BB4(124)g 8B& ^. ^4SfOI #3| E@! 893(122)8 EBShfe 3H^P¥( 
1.26)8 B«BO. #31 HI 2 §B4(124)g #3| &I4 BXI4(123)0I in^^ OHWXI AJ4BO. Ol^Oil, #3| A|4 BXI4(123)8 ±I48*0| 
#3| 3H^¥(126)g SS6f2 #3| SS! M£H3(122) Si ^^1 HI1 8B4(118)a' B9B ^¥BS in^AI^JCf. #3| 3H^?¥(126)fe ^SH£ 

s ±sa 3I83I8 3^xl^A^ a^acn #3i ^H^¥d26)a xh^3^ #3i ^H^¥d26)a a^oii di6H bo. #:>ia Egf^ #3| A| 4 S3 

8 4^6^ eoil #31 ^H^¥(126)a #3| SJ^Oil til 6H #3| 3H?¥(126)g #31 Xi¥a ^48(etch rate) 01 &±S\$= BBfitfOO aSH ^SHa 

o. 
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#31 ?H : ?¥(i26)2i ^sm- as a^i ai2 aaa«i24)2i #boii 7312 sss[(i27)s.aaea. 6^1 K12 Ea^(i27)s ess Mai^a^ 

S SSSJfe »EX0 gg. ^EIIfe(Ru), ^S(Pt), ^ OiaieOrJM a&S^ S^. TiN, TaN, §i wnsi as Ea# ss* g^. e^ #31 M^gSj 
' ^f^2E0ll 2J6H |^@Q. 

E 8dg &£8tB. #3| SI2 ESB«127) » #3! 3H?¥(126) #0il «»SKEAI8W 8ta)8 H#SP. #3| s|^S|2| ^¥1 4^.8101 SI 
2 ESSf(127)OI #31 }H^¥(126)2| SB Oil ^E^ BP. #3| g 2 aHBUl24)2| SB #0|| g^SISie SI 2 £23^(127)01 HJiSCh 
0\0\M. #31 3H?¥(126) Li¥°J §aKprofile)8 PP SI 2 Ea^(127)0| a ^aiEJ CH 2|2|2| fit g«0|| 3HDHA|E|Sj 6f¥2^(1 
28)e HgBP. Ol^dl, &3I o|^e|M g§2^ SI31BP. #3| m¥S^(128)S Xi¥Oil U\oW yg'S!3|§2grg 3£H, #3| 
oh"S -(128)2J feOlfe 9* 10,000 — 17,000 A 0| CI. 

•E 2a LHXI E 2eOil EA|@ #31 g!X>S e^(ALD) §§i g^OI, #31 6f¥ fi^(128) #MI SfHfejll- 0h0IE3|g 5S8H= ™M ^ {& 

z}ll\m Mi°[ Hf0 2 M 5S6^ ^a^(130)M U£BP. ^61. #3| ^X\m e^UALD) g§§ OigofOI TEMAH2I 0 3 g S*SA|31 HfO z g § 
*f»2SW #31 3HEHAIEH2J ^2^(130)^ 1!#BP. #3| §!Xf# S*KALD) TEMAHS} O3 ■ Mgo^Oj #3| Hf0 2 SJS S^g2S 

AH, 13M 0I#2| "O^SiMUIB 3Jfe #3| 6f¥ 2^(128) ^ Of I ^4*B 3\ tf SJ XI (step coverage) ■ #3| «BSK130)B g#» 4* 21 
Cf. #31 1!#9 ^SQ|(130)2| #¥ ¥M(ti) % m¥ ¥2HI(t 2 )2|.dlfe 2, k 1:0.8 01 a. 

#31 Hf0 2 2| ^218 ^ k 20 LHXI 25 feP. #31 Hf0 2 S OlgBfOj §#9 ^S^B S»8lte 3HIIHA|Q^ ^aSOl #CH3££ H 

gsj oigmoi §#s 3H iw ai eh a bin shah bus ^jhioii/h #ch2«o£ fee ^ 3 m 4 s sic*, eb. Hto 2 e sssfb #31 

3HfiH A|E1= ^CH^E^ ^ Oil U XI ^Ei^e ^HIES, 2[§^21 ^^01 gOIS^I ^PsHSP. 

^^1 ^2^(130)^ Hf0 2 °J E.^^E^ 4=E 9111, ¥ ^Xl 01^21 tts\^Q\ JHQ\^ ^§9 ^^°tE^ 4>E SID. 01IB S 

01. SIXIi g^(ALD) i§§ ^lymSAi ^^| mU\lM^ ESSb ^Ol S^XIIM bf^^a/d Al 2 0 3 ^ Hf0 2 2J OI¥Oi£! ^SQ|(1 

30)«««»^ao. 



^5l. TMA S?M» 0 3 tfSSIB Olga^OI 35A §E£| ¥^IS 3ffc Al 2 0 3 af« gSfS 4* SIP. OICHAi, TMA S ? XR' CH &! (HI TEMAH B 

=?n\m Mmmo\ ai 2 o 3 ^ ^chi ^ 35 a §esj ^xhib Hfo 2 ete s^sm. &01 ©xfs e^(ALD) g§ ^eje ^gmoi ^ 
pi Ai 2 o 3 /Hfo 2 ^ inpis esra »fe ^01 ^asid30)s msm ^ ^^i §sf ^aim ^s&e^am ^01 Ai 2 o 3 /Hfo 2 ei^e oh 

pel Al 2 0 3 /Hf0 2 /Al 

|p 3 ./Hf0 2 £l ^#^2 E^ Al 2 0 3 /Hf0 2 2| »fc ^°4£ iS8 4- SIP. 

6T?I S^¥ 2^(128)01 MEI^aiEE^ §?, ^xHdl SOII &D\ 2^(128)011 S»B ^die^f ^^5f0j 6h¥ 2^(128 

)M ^SfAliJ 4^ SAP. HI-PAH, ^2 2, v (1 30) M g^SPI SOII, ^^| 8^S^(128)2| 531 S± ^?l^l01|Ai 2^ ^xHdl(RTP) SS0I1 2J 
5H S s> AI ^ #31 »H«(130)a 6r3l"»¥ S ^-(128)01 ytSfb Ztm &±GWU »XI»0. #31 ^sl^eOII HJSH #31 6^S^(128)S| 33 
¥^OilAi §££J^r SiN E^ SiONS|g #3| Hf0 2 ^^ S3HI 3HEHAIE12I ^2^12] gJ¥^ ZTSKP. d>P/H, #0| ^S^g §SfS|/AI 2 0 3 
./Hf0 2 2| SIS Efe §as,7Hf0 2 £l 0l¥0|§! 4*E SIP. 

E 8eg 1^513, #31 *O0 #31 ^S^g B£tBI8}0| #3| ^SS| #011 g#£|31U #31 LU Oil S0SOI 2Si 

§1 SI3i6Hl 1^11 *m(curemP. #31 ^xHEl 5§g Xf2i<M E^(UV-0 3 ), M 51 ESDI- O z , §£[50f 0 2 g?|3| E^ 

S^OIIAH 4^ SIP: 

#31 ^2^(130) #OII #¥ S^(132)M S^SfOI #31 8f¥ 2^(128). #3| »aa«130) ^ 2^(1 32) M £S8ffe 3HHHA|Q(C)g 

S#^P. #3! #¥ 2^(132)^ Mai^dlEM SSShfe ^E3I §§, ¥EHs(Ru), ^S(Pt), 0l&l§(lr)I» g^, TIN, TaN Eb WNM 
8Ffc E2# §S[ S4. E^ #31 M^MH] g 0I#2| SffB8 OlgofOi §#^P. B S92I ^A| Oil Oil AI , #31 #¥ a^(132)S'T!Na Sal 
^£1^21 SjS ^PSM S»BP. 

5 9b B ^S2J ^A| Oil Oil fff£f SlXfg e^(ALD) ^SCHI °J oFd «#g ^S^IM 3ffc 3H HH Al EH CHI AH 2£J0|| CUB 2#M UP Hi 

oi a. #3i DenHoii/H. a&(v)e upmn 4^^i a*(A/ceioa PPtyp. 

#31 9HnHAIPfe #31 E 8a LHXI E 8e01l EAIB gfffl'oil SIsH 4 s SiP. ^S|, ei(Ph)E^ ESS MEI^aiSE^ 0I^CH£! #31 SF¥ 2 

^21 H2¥^i NH 3 3^g 0|g°l ^XHSJ(RTP) S#E^ ^sfAj^ 4^ SIP. #3| #011 Al 2 0 3 af§ ^ 35A2J ^#5h 

S3. #31 AI 2 0 3 Sf 

#011 Hfo 2 eie 2t ioA2i ^3«i^ «#moi mm ^&^m ^#s^ap. #3i Hto 2 sts temah » o 3 s oranoi a» iootc mxi 300^9 as 
chi ah 8«r(ALD).saa oiaejoi aa»ao. «^i Hto 2 ^e oi ^oii^, 75oicoiiai as ^oii 2^^ #31 otaa gxnaimstQ. 

#31 igf 4SmOI S#£lfe ^asfg ^Dl asfst =m (equivalent oxide thickness. EOT)b ^ 20 UiXI 30 A 01 SIP. 
#31 ^31- fchaaj- ^JHI^ ^d|= POI^A^O|E(silicon dioxide)3|- OFtd ^a^§ B^8J01 3HIIHAIEHM m£&9Xm (EH 3 3HIQI A| @±2| 

ssb at si sHiiHAie^g 3ni^ ^aie 6f»B»2i ¥^ioip. c&pai. a^^ de ^asis ¥ 3hhj ^hiih ai eh 31- gae 3HnnAie^M 3^ 
s° ^^i ^mm 3^xlb ^asisi ^aeoi ^p. #31 bwmm&±di ou ^diensm, ^asoii biaim3i mis 

OIP.. 

CQ2>AH. #31 ^31- aSS[ ^JHIS 3hX|^ #31 ^a^S ^8 3^P. E 9S &5of2, #3| ^a^2| #3| ED[ tts}^ ¥2Hlb 2 

9.7A0I&P. #31 S§ii 4S2[ 01 ^011, TiN°|0| #31 Hf0 2 ^ #011 TiCI 4 91 NH 3 3^B 0I§B g§§ ^#£IS1P. 0|0<Ai, oi 

or ess g£i#£iestoi TiN/M£i^aie 9511 s&sib #3i #¥ a^e s#6hap. 

e goiiAH a 4= sat aoi. #31 b ^ssj ^aioiioii si'sh si^s ^huhaieh^ iv2j aaoiiAi ifA/a oimsi ±ts ¥^ awe upyip. # 

PI ^ ^S2| ^A| Oil Oil 2|B 3HHH AlEH^ 13:1 0|#2| CH^^Etiie #0|| g#£jCHPE 2h§2|e! a^ ^§1 UPtHP. 
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£ 108 S W82I gAIOH'OII CTiBf £JXf# e^S(ALD) ^gOil 2|6K)| a££l ^S2tB 3H AH A| Ei Oil Ai ^SS|sj g ^ ^^(equivale 
nt oxide thickness. EOT) Oil ZM& SWM UEf^Q. £10M S£S>B. 3jg ^£9121 #3W2| ¥JHI(A)« UEILHH 4*3 
*¥g aP(A/cell)g UEftHQ. £>Oi 9HIIHAIEH2I l?as*S Al 2 0 3 / Hf0 2 2J S &J\ BWMMBOU 1.2V2] Sgm ^hSJlg ttHSJ V 

g SUM ^§5^Q. 

E 10§ &D\ 3HHHAIE121 ^2^2] tf»2» ^JHPI- ^ k 24A LHX| 30 A 81 (01. 1fA/cell 0l»HO. 0>»A|. &D\ 

B WB9 ^AIOIIOII 2J6H ggEj^r 3H IIH A| EH ^3^21 2# ^£JM UBUO. 

...-...•..tt9'Si'fia • • ;,) 

is set aoi g waoii sme. Ht» omi^ie sawt a^'aa astnB oise s»a s^BB'3S»oi s«re(deposmon ratejoi 
r s^sn. tt»sts aset s*t msm sfeo. seb. e g*g2i ^aioiioiiai2j s^smsi a& ^§ a>sb££mi 

31 WEI XI (step coverage)^ GH£ S#0I »4iS HW2| a^JOl 3Jte»0. 

fi B82I ^AI0j|0ilA1£i 0ISB2SJM »b 5*8^21 XH£:» m^mOj, ^Sfi ?2E0||A|£ 5?4*6i S^l^j sgg ate 

SI SXI2I 9HDHAIQM X||5£tt 4* SACK *^B 3>fe ^10!^ S= §3 B318 ^3 g^M 3>hX|fe 9HDHAI6|g SB8tte 2ES KSE 

a sxpf ^fssm. 

21 Attt « S^2^¥E1 S!0iUX| Sfb 891 LH Oil AH » ttSB 4>3 SI 23AIIJ 4^ 0I6HK 4> SIB 3S0ICK 
(57) S^2J 

^iB 5^1 omi^Jis sawt a^aoii in b not 3ie #011 §fs,^2s s&te a?»a*B s«»b eai; sj 

^oi si«^o^ a?aots ^if^oi ^oi ?ie ^011 ^sfeie ^^s^ &y\m s^a^ 31& ^011 ^a^si 



Ifkoil 2101/H; 6PI a^?xll2] sf^Aig MXnOIH, 

i^l M8 ^1^ ^^leSOIIAl 2^, D\\mm SBSfc 3A^, 4A^, 5A^, 3B^. 4B^ ^ 58^ ^14:^ 0l¥0ia 312SVEI ^^Sife Oi^ 
SFU2J ^012. 

-NRi R 2 2§Ai R, §i 4,0 1 R 2 ^± ^J} 5E^ "«»2| 4^^F 1 UIX| 4 ^H2i ^^^l § Oil AH =U^o^ ^eh^ 2( 
nS 2. 3.4 SEfe 52j §4^21 5!M ^§2S S^fe tt»Bf2| S^^S. 

ni2SN SiCHAi. Sr. Ba, Y. La, Ti, Zr. Hf, V, Nb. Ta, Al. Ge, Pb. As. Sn, Si §i Bi^ 01^0151 He^^¥EH 01!= »U2|-"a^ 

4. 

.3139011 S101A1. «5| M8 »Htefi! ^§2£ Sfe «»^2| S^^S. 
S=?» 5. 

Ml SOII 9iO\M, &D\ S^Mfe TEMAH, TDEAH, TDMAH, Hf[N(C 3 H 7 )24 
;-Hf[N(C 4 H 9 ) 2 4-. Ti[N(CH 3 )C 2 H 5 
4, Zr[N(CH 3 )C 2 H 5 4, SntN(CH 3 )C 

^H 5 4. Si[N(CH 3 )C 2 H 5 4. Ta[N(CH 3 )C 2 H 5 5. AI[N(CH 3 )C 2 H 5 

3 ^ (CH 3 ) 2 AINH 2 ^ Ol¥01& Zie^^^Ei <y^£J^ ^CH£ mU21 3SS ^§2S5fb ^Sfe|2j S^aa. 

a^a 6. 

ana oil zjlo\m. ^sxiib h 2 o 2 . h 2 o. o 3 . n 2 o. no 2 . se^okdz, bihm s^l^□^ o 2 ^ m&^u\ n 2 o^ oi^ois neoiiAi 
^ioi£ «mai ^»«ei sis ^§2£ »fc «»sj2i a^&a. 

s^a 7. 

»i6aoii sich/h. 401 a»afe o 3 ei %m ^§2s »fc «»ofa as^a. 
a^a 8. 

(a) LH " CHI aEfll ^l&B fl»A|9|fc B3I: 

(b) ohDiin^ie sastfc-a^asi ^¥^01 &d\ se» ^ie ^011 asr^o^ a^sm s^xiiqib ^^m^i sashoiiAi 4,01 am lh^ 
011 «^i a^asi aa»« Ea»fe b>ii: 

fcV^^i stasis ?gmxi a^xii2j ^§^21 ^^^o^ ^h^^¥eh ai^sfe bji; 
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(d) £31 Eti\ LH^Oil &»XI|2| m&&w £2Jofe B3||; 

•(e) £31 &»a2| U¥2f'£3| a^Xllsie &h§A|31 £31 3JB £011 S!WS B^iSj araf* SSoffe B3II; Si 

(f) »s»» astaa £3i sws¥Ei a^ait e+^im a&sfe ^sa d\b £011 vmm s^si 

XII8S0II SiCHAi, £31 S^XIIfe TEMAH. TDEAH. TDMAH, Hf[N(C 3 H 7 ) 2 4 

''^'WKWcIjHbMS 0l¥0i£! 3i2S¥Ei d^££r 30{£ ofUaTSSB^B ^§2S »te HSkM ^S>21 BagJB. 

10. 

»8~8rOII &0UH, £3| tf»at H 2 0 2 , H 2 0, 0 3 , N 2 0. N0 2 , MB^OI- 0 2 , £IS^ M£f£0KD 2 . ^ fi&^Oh N z O^ OI^OiEl 3go^¥E1 

M10SW SlOiAi. £3| 6fSafe 0 3 21 3§ ^§2S Stfe ttsfg gg&S. 
12. 

WI8S0II 2A0iA1.£3| a^Mte 2? 300*0 OmS\ 91 0.4torr 0|«2| a 4 MAI g^g 31-^011 2|8H £31 SWUiOil £E2J£|±=: 3 

|/fS2£ §hb tt»B 1^£^S. 

ti^8 13. 

PI880II SiOUH. £3! (b) &3II LHXI £31 (f) B2IB ^CH£ »H S^Slfe 51S ^§2£ ote &£tB H^SI gg&S. 
14. 

XH8S011 ^oiai, £3i a^asta =?&o\x\ »fc a^n £3i sms^a a^m^ &3ii; a &s»xi s*a ttstaa £3i sw^¥Ei a:nsi- 

3^3 £31 ^WUiOil E8l»b BJia 2»8tb 31 ^§2S 6fe 6[Sf§ gSSS. 

s^sr is. 

(a) &esi 3ie gov ai a^e sastfe sai; 

(b) at a^m omiin^ig s&sfb a?a«i ^#afoi £3i ai a^ £011 swais^ a*fs a^a^a aat&t eai: 

(c) £3i a?am twaa ^saish £3i ai a^ £011 &»a sasfa §£m^ ea; « 

■(d) £31 ^a^ £0j| fl2 a^M a«8tfe B31IM Sttttfe tt£a HH A| Ei 

fhSSrOII 2iOiAi. £3| a^afc TEMAH, TDEAH, TDMAH, Hf[N(C 3 H 7 ) 2 4 
^Hf[N(C4H 9 ) 2 4. Ti[N(CH 3 )C 2 H s 
4. ZrtN(CH 3 )C 2 H 5 4, Sn[N(CH 3 )C 

2 H 5 4. Si[N(CH 3 )C 2 H 5 4 t Ta[N(CH 3 )C 2 H 5 5, AI[N(CH 3 )C 2 H 5 

4 §i (CH 3 ) 2 AINH 2 £ Ol^Oia He^^^Ei 51CH£ 8fU2| §!^oi 31 ?§2£ 3HHH AIEHSJ g£^S. 

S=PS 17. 

■»I15'»0II 2ACH Ai. £31 tt»ate H 2 0 2 , H 2 0, 0 3 . N 2 O f N0 2 . MEI^Dh 0 2 . EI2^ BStSOt 0 2 , % M^^OI- N z O^ Ol^Oia ngo^VEi 

^oiE smsi ^sfaei 3§ i§2§ ^huh ai a ^4 sasa. 
a?»i8. 

aistroii £3i ai m^s m±m 10:121 oi^^^bie 3§ ^§2§ ^hdhaieis] «£^s. 

19. 

§l 1.5^011 ?io\m, £3i ai a^^ ess mm s^. ^^^^ oi^oia nm^^Ei <^^& ^ch^ smsj sae^si °>g a 

a>» 20. 

Sm 9»oii 2*1 on ah , £3i ai a^e £BB'fiai«iasst * £3i BaiAtaie^si as £chi n^srs sssib 3§ i§2£ 
aistroii ^cha], £3i a 2 a^^ Mdi^ai^, 3^, s^^^ oi^cna zie^^¥Ei 5jchs amsj £a^§°j e^g s 

»8Jfe 31 ^§2£ »fc 3HIIHA|Ei2| S«8S. 
"S : ?8 22. 
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(a) BE» Pie &OII ai a^M SS8^ B3I; 

-(b) &pi mi a^M omik^ia ss8*fc xii 1 a?awi icBwoi &pi ni a^ goii as^ss ss > a M1 a^aste aastb e^i; 

(c) 6T^i ai a^a^ie aaaa ^mai^ &d\ ara^ #011 ai &st8 sasrs 84 site sai: 

(d) &pi ai «ao*8 omi^ia ss»fc xii2 a^awi ±mn\o\ m\ ai a^ aoii s^s^s a?xms aamte b 

311: 

"•fe)"6»'3-i"a2 a^aa.^8 aaaa »sai* &pi ai a^ #oii a-2-tt»8'*as*B ssmoi. a^i ai a»a »as» a a^^aa-s 

a^ss oi^oia *w «as*8 aa»b a* a • », 

<f) 4^i #a« goi a2 a^e ag»fe bjib ssatb e*£a 9x121 maieisj aava. 

8?S23. 

822801 £iCH>H. &P| ai g a2 3^5 tfSWS Hf 0 2 , Zr0 2 . Ta 2 0 5 . Y 2 0 3 . Nb 2 0 5 . Ti0 2 , Ce0 2 , ln 2 0 3 . Ru0 2 , MgO. Sr 

O, B 2 0 

Si0 2 . Ge0 2 . Sn0 2 . PbO, Pb0 2 . V 2 0 3 , La 2 0 3 . As 2 0 5 
& As 2 0 3 . Pr 2 0 3 , Sb 2 0 3 . Sb 2 

o 5 . cao a p 2 o 5 s oi^oia aoian/Ais qb s*ei i§££ ahfe shdhaieisi ag&s. 

8^8 24. 

a23soii s^cHAi. &d\ Jin a &?i a 2 ^§fs^s ai 2 o 3 §y Hfo 2 ei sie ^§2£ §ih ?h hh ai ei sj gg^s. 

S?S25. 

ai a^e sss^ e^i: 

a2 a^B B^l« S»Wte asa S» «M 9HWAIEI2I a«»BJ- 

S^S 26. 

a 1 SOII 2lO\M, HD\ a?a2| SW^IS MXnYmOIH, 

&P| ^PiesOilAi 2^. ^l^e SBWfc 3A^. 4A^, 5A^. 3B^, 4B^ a 5B^ Ol^Oia 3g2S¥EI £^£|b £Y§\ 

gm sm Dixit: o\± $tue\ s^om. 

&PI Xb -NR,R 2 o^AH £P| R t a &?l R 2 fe S!» EEfe &± mX[9\ 1 }H Ml XI 4 PH^i -gOIIAI ^*<o^ >m§h @ oj^ q. 

L$2| 8^013. 

6f3l nS 1.*2. 3. 4fiEfe siai 8^012, 

Yb ^4: S». &± milt°\ 40> 1 Ul XI 4 PHei S^PI. 92 R 3 2f R 4 PI- £}Xf SEte -B^ £!Xf2] 40* 1 PH UiXJ 4 PH Si ^HPI eOil 
AH aie«^ oj^ 6 moj §j^oi omi^P|-NR 3 R 4 ^ Ol^Oia 3e°S¥Ei d^SZQ. 



0. 1. 2. 3 Efe 421 34^012. 
^Pl m a n ^ 4=Sf±! (m + n) = S M B^Shfe 51 M ^S2§ 8^b #2^2) iSSS. 
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